Background {#Sec1}
==========

With progresses in surgical techniques and anesthetic methods, elective inguinal hernia repair surgery has become a safe outpatient procedure that carries favorable outcomes \[[@CR1]\]. However, when it comes to emergency hernia repair surgery, things are different. Compared with elective surgery, postoperative mortality can increase 7-fold in emergency operations, and 20-fold if bowel resection was undertaken \[[@CR2]\]. With fewer preoperative preparations and more difficult local anatomy, these patients are more likely at high risk of postoperative complication, or even death \[[@CR3], [@CR4]\].

Local anesthesia (LA) is one of the most commonly used anesthetic methods in inguinal hernia repair \[[@CR5]--[@CR7]\]. LA is recommended for inguinal hernia repair in elderly patients and patients with co-morbidities (grade C) by the Association of Surgeons of Great Britain and Ireland (ASGBI) \[[@CR8]\]. Moreover, European Hernia Society Guideline (EHS) recommended that patients with ASA (American Surgical Association) preoperative evaluation of grade 3 or 4 can consider day surgery with LA. However, young anxious patients, with morbid obesity, incarcerated hernia should be excluded from operation under LA \[[@CR9]\].

From 2008, our hospital started to perform inguinal hernia repair under LA. Compared with general anesthesia (GA), LA showed increased safety, better postoperative pain control, less postoperative complication, shorter recovery period, and reduced cost. Since 2010, our hospital has begun to perform emergency hernia surgery under LA. The aim of this study is to investigate the safety and effectiveness of LA in an emergency inguinal hernia surgery by evaluating related outcomes.

Method {#Sec2}
======

This is a retrospective study. We included all patients diagnosed as an incarcerated inguinal hernia and underwent an emergency inguinal hernia repair surgery in our hospital between January 2010 and April 2014. All the patients' information required was collected from electronic medical records. The collection and analysis were approved by the Ethics Committee of Ren Ji hospital.

Surgeons and surgical procedures {#Sec3}
--------------------------------

Emergency inguinal hernia repairs under LA were performed by two experienced attending surgeons who had performed at least 50 elective cases before. Operations under GA were performed by other three experienced attending surgeons in our department.

Data of patients were excluded if the contents of hernia sacs returned spontaneously after the anesthesia before operation started. There was no other exclusion criterion in this study. If no bowel resection was performed, tension-free mesh repair were employed. If strangulated hernia was clearly diagnosed, tissue of strangulation was needed to be removed and non-mesh repair was used to avoid the high risk of infection after bowel resection.

Cefotetan was used as prophylactic antibiotics routinely. Aztreonam was utilized if patients were allergic to cephalosporins.

Anesthesia {#Sec4}
----------

The selection of anesthesia means (LA or GA) was decided by anesthetists and surgeons according to the general conditions of the patients.

In group GA, anesthesia was induced with propofol 2 mg/kg and fentanyl 0.1--0.2 mg intravenously. Inhalation anesthesia was given at the same time with a mixture of oxygen and isoflurane 1--2 % through an intubation.

Patients in LA group received the local infiltration technique. A mixture of 2 % lidocaine 20 ml and 0.9%NS 30 ml was used as the local anesthetic. Patients required extra analgesia during the surgery were given 20--40 mg parecoxib sodium intravenously. Conversion to GA was performed if LA was intolerant for patient, which was evaluated by both anesthetists and surgeons.

Patients in both groups were prescribed tramadol 100 mg per 24 h for the first 1--2 days postoperative.

Postoperative recovery {#Sec5}
----------------------

In this study, "time to eat" is the post-operative time when patients were able to have semi-liquid without an intolerable nausea or vomiting. Patients were also asked to get up from the bed and walk a standard distance before they returned to their bed as soon as possible after the operation, which was recorded as "time to ambulation".

Patients were required for a regular follow-up in our outpatient clinic after discharge (7, 30 and 90 days post-operatively), where all complications, including wound complications, scrotal edema, retention of urine and recurrence, were recorded.

Economics {#Sec6}
---------

A data collection form recording all aspects of hospital resources was used in the study. It included the data on operation and staff cost, costs of hospital stay (including stay in ICU), and other healthcare costs, including cost of complications.

Statistical analysis {#Sec7}
--------------------

Statistical analysis was performed using SPSS 19 software. Between-group differences were analyzed using two-sample t-test. When there was doubt about the validity of parametric assumptions, nonparametric tests were performed. A chi-square test or Fisher's Exact Test, as appropriate, was used to analyze categorical data. A significance level of 0.05 was used in this study.

Result {#Sec8}
======

In this study, patients who underwent emergency hernia repair between January 2010 and April 2014 were included. 92 patients were enrolled initially. Two were excluded because contents of hernia sacs returned spontaneously after the anesthesia before the operation started (one with LA and one with GA). There were no other exclusion criteria in this study. Thus, 90 patients diagnosed as incarcerated inguinal hernia and underwent emergency inguinal hernia repair were included in the final analysis. There were 32 patients (20 men and 12 women) in LA group and 58 patients (45 men and 13 women) in GA group. All patients received regularly follow-up (7 and 30 days after surgery) and 87 patients received the regularly follow-up of 90 days after the surgery (including 26 patients followed by telephone).

General condition {#Sec9}
-----------------

General condition of all patients was shown in Table [1](#Tab1){ref-type="table"}. The mean age of patients in GA group was 77.4 ± 12.7 years (range from 30 to 94), and 79.3 ± 17.9 years (range from 30 to 99) in LA group (*P* = 0.554). 15.6 % of all patients had the duration of symptoms shorter than 6 h; 23.3 % between 6 to 12 h; 17.8 % between 12 to 24 h; 43.3 % longer than 1 day. The duration of symptoms in LA group was longer than that in GA group (*P* = 0.013). LA group had one case of recurrent hernia and nine cases were in group GA. LA group had a higher ASA Grade than that of GA group (*P* = 0.007).Table 1Characteristics of patientsLA (*n* = 32)GA (*n* = 58)*P*Mean age (SD) in years79.31(17.94)77.38(12.71)0.554Sex0.126 Male20(62.5 %)45(77.6 %) Female12(37.5 %)13(22.4 %)BMI0.223 Mean (SD)23.10(3.45)24.29(3.20)Site of hernia0.142 Right15(46.9 %)31(53.4 %) Left17(53.1 %)27(46.6 %)Type of hernia0.002\* Primary31(96.9 %)49(84.5 %) Recurrent1(3.1 %)9(15.5 %)ASA Grade0.014\* II17(53.1 %)42(72.4 %) III11(34.3 %)16(27.6 %) IV4(12.6 %)0(0 %)Duration0.013\* \<6 h2(6.25 %)12(20.7 %) 6-12 h8(25 %)13(22.4 %) 12-24 h2(6.25 %)14(24.1 %) \>24 h20(62.5 %)19(32.8 %)\* *P* \< 0.05

Surgical procedure {#Sec10}
------------------

One case with bowel resection was performed under LA. In GA group, seven cases (included one converted from LA) had bowel resection. In LA group, 31 patients underwent mesh repairs, except the cases with bowel resection. In GA group, 50 patients received mesh repairs while eight received tissue repairs (included all seven cases with bowel resection). In two cases of LA group and two cases of GA group, the incarcerated hernia sacs returned spontaneously during the operation.

Postoperative recovery {#Sec11}
----------------------

Patients in LA group had a shorter hospital stay than those in GA group (4.31 ± 1.58 vs 5.88 ± 2.82 days, *P* = 0.001). LA group also had shorter ICU stay, time to eat, time to ambulation and less total costs. All the differences were statistical significant and presented in Table [2](#Tab2){ref-type="table"}.Table 2Complications of GA and LA groupLA (*n* = 32)GA (*n* = 58)*P*Time in hospital4.31 ± 1.5755.88 ± 2.8160.001\*Time in ICU0.03 ± 0.1770.34 ± 1.0850.035\*Time to eat1.28 ± 0.5812.28 ± 1.1210.000\*Time to ambulation2.03 ± 1.0313.26 ± 1.5280.000\*Total cost8836.59 ± 2436.67313236.43 ± 5461.1540.000\*Wound infection4 (12.5 %)9 (15.5 %)0.765Urinary retention1 (3.1 %)6 (10.3 %)0.414Postoperative hydrocoele2 (6.3 %)6 (10.3 %)1.000Respiratory complications2 (6.3 %)14 (24.1 %)0.044\*Cardiovascular complications1 (3.1 %)12 (20.7 %)0.027\*MODS0 (0 %)1 (1.7 %)1.000Death in 30 days0 (0 %)1 (1.7 %)1.000*MODS* multiple organ disfunction syndrome\* *P* \< 0.05

Complications {#Sec12}
-------------

A summary of complications of two groups was presented in Table [2](#Tab2){ref-type="table"}. LA group had fewer respiratory and cardiovascular complications than the GA group. 87 patients received a 3-month regular follow-up after discharge. No recurrence was observed.

Discussion {#Sec13}
==========

GA is widely used in hernia repair. It can provide the surgeon with optimal operating condition in terms of patient immobility and a satisfactory muscular relaxation \[[@CR10]\]. GA has been proved to be a good choice in hernia repair surgery, both in elective and emergency operations. In elective operations, LA has showed a lower risk compared to GA \[[@CR11], [@CR12]\]. But the role of LA in emergency inguinal hernia repair is still controversial \[[@CR8], [@CR9], [@CR13], [@CR14]\].

Intraoperative pain seems to be the most common reason for dissatisfaction with LA. One report demonstrated that infiltration was painful and 8.5 % of patients experienced pain intraoperatively \[[@CR15]\]. Incarcerated hernia always has a complicated anatomy, pain and tension may result in an unsatisfactory muscular relaxation. In such condition, many surgeons worried that emergency operations might overdose on local anesthetics. With improvement in surgical technique, surgeons became knowledgeable regarding the anatomy of the inguinal region as well as the application of LA. The indication of LA application was widened step by step. In this study, we tried to apply LA in emergency incarcerated hernia repair and evaluate its feasibility.

LA of inguinal hernia repair reported in the literature include "one step procedure" LA \[[@CR16]\], ultrasound-guided transversus abdominis plane block and unilateral paravertebral block \[[@CR17]\]. The argument about the "best" type and ratio of the anesthetics has never stopped \[[@CR18]--[@CR21]\]. In this study, we followed a "step by step technique", which was first reported by Amid in 1994 \[[@CR22]\]. In two cases, the surgeon even finished the contralateral inguinal hernia repair with the given mixture. Our study performed 32 cases in LA successfully (33 in total). There was only one case converted to GA, in which bowel resection was performed. So LA is feasible for emergency incarcerated hernia if the possibility of bowel resection is limited. In other two cases, we observed that the contents of hernia sacs returned spontaneously, which showed that LA might also have the effect of tissue relaxation.

In our study, the patient characteristics between two groups were different. Patients in LA group had a longer duration of symptoms and a higher ASA grade. This is because the group was nonrandomized. Surgeons and anesthetists tended to group the patients with serious comorbid illness in LA to avoid risk of complications of GA. Meanwhile patients who suffered longer incarcerated time and likely got bowel resection might receive GA according to medical staff. Even in this situation, our study still revealed significant advantages for LA in postoperative cardiopulmonary complications. LA can allow patients to start eating earlier and have early ambulation, therefore reducing the time of nutritional support and avoiding postoperative cardiopulmonary infection and finally reducing hospital costs and hospital stays. Our study found that patients in LA group had advantages compared to those in the GA group on ICU residence time, total hospital stay and total hospital cost. It was demonstrated that inguinal hernia repair in incarcerated hernia patients is feasible under LA.

LA also has its disadvantages. First, intraoperative pain is one of the most common reasons for dissatisfaction with LA. In our study, LA was performed not only by the surgeon but also monitored by an anesthetist, who played an important part in keeping safety of the operation. In some difficult cases, extra analgesic or sedative drugs given intravenously by the anesthetist can improve the success rate of LA. Second, whether meshes can be applied in the emergency repair surgery under LA is still inconclusive \[[@CR23], [@CR24]\]. Our previous report showed that prosthetic mesh could be used if no bowel resection performed, duration of symptoms less than 24 h and fluid hernia sac was clear \[[@CR25]\]. In this study, tension-free repair with meshes was applied in 81 cases based on the above principles. Third, H. Kehlet reported that local anesthesia was one of the risk factors for recurrence after groin hernia repair \[[@CR26]\]. Although no recurrence case was observed in our study with a 3-month follow-up, a longer time follow-up period is necessary.

Our study has its limitations. For this is a retrospective study, the lack of randomization is a major problem. We hope to have more conclusive results in further studies, which can be well-designed randomized controlled trials with larger sample size.

Conclusion {#Sec14}
==========

LA could provide effective anesthesia and patient safety in emergency inguinal hernia repair, especially when the possibility of bowel resection is limited. Further prospective studies are needed to confirm this finding.

Consent {#Sec15}
=======

Written informed consent was obtained from the patient for the publication of this report and any accompanying images.
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